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After the talk, view the high-res teaser available at: 
https://www.youtube.com/watch?v=4BN8QoDJxkE
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After the talk, view the June, 2016 flight at:
https://www.youtube.com/watch?v=xYYTuZCjZcE

Blue Origin’s Crew booster, after
landing, June 19, 2016
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Blue Origin’s Crew Capsule with our 
payload inside, after
landing, June 
19, 2016
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Zero-gravity Fluid Dynamics is an 
Everyday Event in Your Lives
• Every day, we depend on satellites for:

• Everyday Commerce
• Everyday Communications
• Everyday Weather forecasting
• Annual Crop production
• Emergencies (hurricanes, typhoons, tsunami, ...)
• Everyday Defense

• Each of these satellites consumes a liquid propellant to 
deliver on its mission or to maximize profitable lifetime.

• Zero-gravity fluid dynamics is one of the sciences behind 
these technical and business successes in everyday life.
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Example of 0-g Fluids:
“Vane Gap” experiment
in Int’l Space Station

• I was very pleased to be asked to design 
the “Vane Gap” portions of the Capillary 
Flow Experiments (CFE) for space station 
in 2006.

• The red “fingers” of liquid demonstrate 
“critical wetting”, a phenomenon we 
frequently design to use or to avoid in 
zero-g fluids systems.
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Other topics for sub-orbital
Think innovatively:
• Mesosphere and lower 

thermosphere studies
• Combustion physics
• Human physiology
• Cellular biology
• Astronomy 
• Particulate collisions
• Chemical reaction dynamics
• Fire safety for spaceflight
• Spaceflight medical procedures
• Spaceflight technology readiness

• Sensor testing
• Earth observation
• Filming and coating 

processes
• Physics of foams
• Educational payloads
• Corporate team-

building or rewards
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2. How did we get here?
About me:
• Professor and Associate Head, School of Aeronautics and 

Astronautics, Purdue University, College of Engineering
• Teaching and research, freshmen through PhD, since 1991
• Zero-g fluids involvement since 1981
My path through 0-g – industry and research:
• Lockheed Missiles and Space, 1981
• Purdue 1991 to date

• Sabbatical at Lockheed-Martin Commercial Space
• Sabbatical at Rolls-Royce (aircraft engines, not cars)

• Numerous consulting customers
• Professional Service
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Current Professional Service
• Chair, Sub-orbital Applications Researchers Group (SARG) 

of the Commercial Spaceflight Federation
• Early adopters of commercial sub-orbital rocket 

research flights
• Advocacy in Washington, DC

• Science and Technology Advisory Board, Center for 
Advancement of Science in Space (CASIS)
• Advise on use of the International Space Station 

• National Academies, Committee on Biological and Physical 
Sciences in Space

• Board of the American Society for Gravitational and Space 
Research

• Invited Testimony:
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US Senate Sub-committee on 
Science, Space, and Competitiveness
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3. Other sub-orbital providers
Beside Blue Origin, the 
present leader in the 
business, there are a 
number of other 
companies striving to 
become your sub-
orbital provider:
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Virgin Galactic
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VG: Feb 2016 – Rollout of VSS Unity
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Virgin Galactic
Status:
• Rolled out VSS Unity in February, 2016
• Design appears to be largely the same as Spaceship-2 

but apparently has a number of improvements
• Their flight test program, including gliding landings,  

has resumed now
Vehicle:
• Pilot, co-pilot, six spaceflight participants
Or
• Pilot, co-pilot, 1 to 6 researchers with science, 

technology, product development, or educational 
payloads!
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Masten Space Systems

• Successful business flying “Left to 
Right” rather than “Up and Down”

• Lunar-lander style of rockets are in 
big demand for research on Entry, 
Descent, and Landing (EDL) for 
space exploration

• Masten still intends to fly “Up and 
Down” someday

• Flying frequently...how frequently?
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Masten: 10-day Average Flight Rate

100
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Masten:
Demonstration of rapid turnaround in 

one mission: five flights in one day 
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• No people on board
• A fully re-usable “tube” 

rocket
• Green propellants: ethanol 

and liquid oxygen
• Just over 20-inch diameter
• Gentle, 4-g boost, no spin
• GPS-guided parafoil returns 

the payload section right back 
to the launch area

• Ideal for research!

Exos (was: Armadillo) Aerospace

19



FISO Dec. 20, 2016

Exos (was: Armadillo) 
Aerospace, 2012

Commercial Sub-orbital Spaceflight is Real!
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XCOR
• Building a fully-reusable winged rocket-plane, liquid 

fueled with pilot and spaceflight participant.
• May, 2016: layoffs, vehicle work was paused, XCOR  

continuing work on items which generate revenue

• It’s a great vehicle 
idea, based on low-
altitude rocket plane 
experiences.

• None of us know 
what’s next for XCOR.

• Researchers hope 
XCOR will fly
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A Word about Flight Test
• Flight test is, by design, a most 

deliberate process
• Flight test programs are intended to 

uncover surprises
• Surprises mean schedule delays
• Therefore, if you enjoy safe aircraft 

flights, it would be hypocritical to 
complain of the pace of commercial 
rocket flight test...
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They do work long hours in flight test
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And my Purdue teams work the long 
hours with them...
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My Purdue student teams
• We began in 1996 when two undergrads got me to be 

their faculty advisor for a new NASA parabolic flight 
program, the “Reduced Gravity Student Flight 
Opportunities Program” or RGSFOP.

• In 20 years we’ve had 50 Purdue parabolic aircraft 
flight payloads, 1 student space station experiment 
started, 1 upper stratospheric glider payload, 9 sub-
orbital launches, 

• Now, 12 sub-orbital or parabolic flight payloads 
underway.  

• HOW?
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My unique class: AAE 418
“Zero-gravity Flight Experiments”

• 3 Aerospace Engineering heads and 3 Engineering Deans in a 
row have supported this innovative class.

• Lab class budgets often fund support experiment hardware
• Blue Origin, Armadillo, Exos, Masten have given us payload 

space during their flight test programs.
• I compete for and win NASA Flight Opportunity Grants for 

advancing spaceflight technology towards flight readiness.
• Numerous young alums donate for student travel
• Some years Indiana Space Grant Consortium partners
• Corporate donations are key to success some years
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Example: XPREME
XCOR-Purdue Research and Educational Meteorological Experiment

• The Mesosphere and Lower Thermosphere (MLT) are poorly 
understood parts of our own atmosphere.  Little data!

• MLT are above all the balloons, below all the satellites
• But these new commercial reusable sub-orbital rockets will 

spend several minutes in these regions each flight.
• XCOR gave us free flights of a minimum-sized payload that 

would demonstrate the ability to measure the MLT layers of 
our atmosphere during flights.

• This payload will produce data to show MLT researchers the 
value of such sub-orbital flights.  
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Example: XPREME

• Samples pressure and temperatures
• Simple data but now can be had at 

many different hours during many 
seasons, this makes it unique.

• Designed, built, and tested by 
undergraduate students in the 
School of Aeronautics and 
Astronautics in my course at Purdue 
University

• Ready to fly, waiting on XCOR to re-
start progress on their vehicle.  
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Future space exploration missions 
require medical care
• We are working with Orbital Medicine, Inc.,  to 

test designs for chest suction and drainage 
equipment for zero-gravity use.

• These processes are simple in 1-g; a battery-
powered hand-held device is on the market.

• In long-duration spaceflight, separating blood 
from air will be very important:
• Return blood to the patient
• Return air to the vehicle

• Patient Aspiration in Reduced Gravity (PARG) 
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Testing Plan
• We are scheduled for the first Blue Origin launch of 

2017.
• But first, we tested the hardware in parabolic flight 

testing, 25 seconds of (bouncy) zero-gravity at a 
time.  November, 2017 with the Zero-g Corp.

• Undergraduate students in Purdue’s School of 
Aeronautics and Astronautics are building our own 
design for a zero-g blood-air separator which relies 
on capillary forces to perform the separation with no 
moving parts.

32



FISO Dec. 20, 2016

Zero-G Blood-Air Separator 
in CNC Mill
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ZGGE is a collaborative Purdue and 2nd

Grade Cumberland School experiment
• While studying government by seeking to get the Say’s 

Firefly designated the Indiana state insect, students asked if 
fireflies would light up in the space station.

• I was asked, and responded that we should build an 
experiment to find out.

• Arete-STEM Project now enables K-12 spaceflight
• We are gathering donations for the $5300 launch cost plus 

teacher travel.  See me, I’ll give you the web site for West 
Lafayette Schools Educational Foundation.

NOW ASSIGNED TO BLUE ORIGIN’S FIRST LAUNCH IN 2017  
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Demonstration Hardware for 2nd Grade Classroom
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4. What have we learned?
Reminders:
• Aerospace students love spaceflight activities
• Design-build-test is a powerful educational tool
• DBT provides innovation opportunities
• Employers love the students with such experiences
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Lessons:
• Purdue aerospace engineering students can deliver on NASA 

spaceflight technology advancement programs
• Alums will donate to support student team travel
• This class is a great recruiting tool, no other university is so 

involved in sub-orbital and zero-g parabolic flight testing
• K-12 spaceflight is cheaper than high school football uniforms
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Impact on students?  

High-achieving alums from this program:
• Purdue Young Engineer award, US Navy test pilot of the year
• Purdue Young Engineer award, US Navy lead instructor pilot
• 31 year old aerospace VP
• SpaceX Falcon9 Senior Director
• SpaceX MacGregor Test facility leadership
• Sr VP & Chief Strategy Officer, a credit monitoring company
• And more!
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5. The Next Step for you
• Innovators in industry are becoming aware of the wonderful new 

opportunities in commercial sub-orbital spaceflight
• You can be one too, it’s not too late to be an early adopter.  
• By this time next year you’ll be behind the curve, playing catch-up
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Next Steps for you 
• Sub-orbital Applications Researchers Group of Commercial 

Spaceflight Federation are path-finder researchers with sub-
orbital experimentation experience.  Partner with a member.

• K-12 experiments will become common.  Early 2017 will see our 
second-grade experiment fly.  Your kids’ or community’s school.  

• Excellent for university education – get your alma mater 
involved!

• Annual R&D employee team reward or motivation tool – get 
your innovators a new challenge, a wide-open space for new 
thinking about improving your products, processes, etc.

• Next-Gen Sub-orbital Researchers Conference June 1-3 2017!
nsrc.swri.org
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6. Concluding
• Think innovatively: what part of your product improvement 

is stalled by questions which could be answered in zero-g?
• Spaceflight experimentation is no longer a slow, expensive, 

single-shot “Government Thing” changing direction with 
each new Congress or President.  

• Spaceflight experimentation is now: 
• a Commercial Thing, 
• a Free-Market Thing, 
• an Affordable Thing, 
• a Repeatable Thing, 
• a Rapid Thing, and 
• even a K-12 Thing.
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Concluding
• The earliest early adopters showed up in 2009 to begin to 

put these vehicles to work.  Don’t miss the next stage of 
market growth.  

• Right now is the beginning of commercial operations in this 
new industry.  Don’t hesitate.  

• Who will change their market space with new innovations 
from new thinking?

• Few companies presently think of sub-orbital as a tool.  
Understandable, since it has always taken so much time and 
so much to get to space.  Now this changes!  Access to 
spaceflight is cheap and frequent.

• Update your thinking or be left behind.
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